Image acquisition

Magnetic resonance imaging (MRI)
Spin echo T1-weighted images were obtained using a General Electric Horizon LX 8.3 1.5 Tesla scanner (Milwaukee, WI, USA) on the sagittal plane with the following parameters: TR 12.1, TE 4.1999, flip angle 15°, pixel bandwidth 88.75, matrix 256 × 256, voxel size 0.86 × 0.86 × 1.6 mm, 204 slices, slice thickness 1.6 mm.
Positron emission tomography (PET)
The blood glucose levels of all subjects were determined according to a standard protocol. After at least a 6-hour fasting period, 370 MBq of [
18 F] fluor-2-D-deoxyglucose (FDG) was administered. The scans were performed on a dedicated LSO-PET 16-slice CT scanner (Biograph-16, Siemens, Buffalo Grove, IL, USA). Imaging began 60 minutes after FDG administration, using a 3-D protocol with a 15 min acquisition time. The matrix size was 256 × 256 with a smoothing factor of 5. Iterative reconstruction (OSEM) was applied according to a standardized protocol in our institution. Attenuation correction was done using the CT-algorithm.
Single-photon emission computed tomography (SPECT)
Acquisition began 30 minutes after IV injection of 20 mCi (740 MBq) of technetium99m ethyl cysteinate dimer ( 99m Tc-ECD) and was obtained with a dual-detector SPECT camera equipped with a fan beam collimator (ECAM, Siemens, Hoffman Estates, IL, USA). Images were processed using a standard protocol, without attenuation correction and with Butterworth post-filtering. The reconstruction yielded 4.8 mm voxels with a 128 × 128 matrix and 128 slices. In-plane spatial resolution was 10.6/6.7 mm full-width at half-maximum (FWHM) in the center of view. Images were reconstructed with scatter correction.
Image preprocessing
Initially, the images were converted from DICOM format to ANALYSE format using (X)MedCon software, version 0.8.12 (http://xmedcon.sourceforge.net). The origin of all images was set at the anterior commissure.
MRI preprocessing
We removed all non-brain tissue (skull stripping) from the T1-MRI anatomical images as follows: first, we applied the Hybrid Watershed algorithm 1 (Freesurfer v.3.04, http://surfer.nmr.mgh.harvard.edu). Experienced technicians visually inspected the output and, if necessary, manual editing was performed using Freesurfer. Then, we performed intensity normalization using the N3 algorithm (Freesurfer). 2 As a final step, we used the Brain Extraction Tool 3 (FSL, www.fmrib.ox.ac.uk/fsl). The images were segmented into GM and white matter partitions using the unified segmentation procedure described by Ashburner & Friston 4 (SPM8, http://www.fil.ion.ucl.ac.uk/spm), executed in Matlab R2012a (MathWorks Inc., Sherborn, MA, USA). The Diffeomorphic Anatomical Registration Through Exponentiated Lie algebra (DARTEL) algorithm 5 was used to spatially normalize the segmented images to the standard MNI space. These normalized images were resliced with trilinear interpolation to a final voxel size of 2 × 2 × 2 mm³. An additional "modulation" step consisted of multiplying each spatially normalized GM image by its relative volume before and after normalization, ensuring that the total amount of GM in each voxel was preserved. Finally, the resulting GM images were smoothed using an 8 mm isotropic kernel at FWHM. 
FDG-PET and rCBF-SPECT preprocessing
FDG-PET and rCBF-SPECT images were coregistered to the skull-stripped T1-MRI in its native space using SPM8. Then, we performed partial volume effects (PVE) correction to avoid confounding effects related to regional brain atrophy. 6 We then applied the Meltzer method, a voxel-based PVE correction algorithm (PVElab, http://nru.dk/downloads/software). 7, 8 Because the Meltzer PVE correction method has been well validated for FDG-PET but not for SPECT images, the latter were preprocessed both with and without PVE correction (all SPECT-related analyses were performed twice: with and without PVE correction).
The spatial transformation resulting from the T1-MRI normalization steps (see above) were applied to the FDG-PET and SPECT images to spatially normalize them to the standard MNI space. The normalized images were smoothed with an 8 mm Gaussian filter (FWHM).
We implemented two independent approaches for PET and SPECT intensity normalization. Global normalization was achieved by dividing the value of each voxel by the mean of all voxels belonging to a whole brain mask. As an alternative to global normalization, we performed cerebellar normalization by dividing the value of each voxel by the mean of the voxels belonging to a region of interest including the upper portion of the cerebellum and the vermis -cerebellum regions III, IV, V, VI and the entire vermis from the Automated Anatomic Labeling atlas, 9 as previously described. 10 We ran separate analyses using images with global and cerebellar normalization in order to compare these two approaches.
